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INTRODUCTICR

Because cephalization and centralization of
the earthworm are more pronounced than in less come
plex forme, it 1s a relatively simple operation to
remove a portion of the central nervous asystem to
investigate 1te functions, However, the extirpation
of various parts of the central nervous system of the
'earthworm has been the subjeot of only a few research
papers, It is the purpose of thie study to investi-
gate the influence of extirpation of the supra-
pharyngeal ganglia on the oxyzen uptake of the reste

ing earthworm, Lumbricus terrestrig.

Of the studles concerned with the Influence of
extirpation of some parte of the central nervous
system of Annelids on gaseous exchange and other
physiolopgieal funetions, by far the greatest interest

has been centered on the suprapharyngeal ganglia,

Dennett and Suttle (i960) removed the supra=-
pharyngzeal ganglion fpom the earthworm, L. Lkerreetris,
and found that it is the possible source of faectors
which affect general metaholism and seems to have an

inhibitory effect on the seminal vesioclees and

/



.
receptacles of the earthworm, Clark =nd Clark (1959)
found that the removal of the suprapharyngeal ganglion
at the same time as that of a number of posterior
hody sszmente inhibits posterior regeneration, The
effect of the removal of the suprapharyngeal ganglia
from an earthworm ie described in Prosser and fHrown
(1962), The anterior segments are lifted, the worm
erawls normally, appears restless =nd active, ¢an
right 1tself, copulates, eats and burrowe in one half
hour as comparei with the normal time of one to two
minutes, KXovaleva (1961) found that the removal of
the suprapharyngeal ganglion led to intensification
of the animal's motor activity. Further, the oxygen
consumption of the worm at rest was incressed and its

body weight diminished gradually,

It has heen established that neurgesecretory cells
are presant in the suprapharyngeal ganglion of the
earthworm, They have been thoroughly studied and
descrihed hy Secharrer and “rown, (1961), The function
of these granulea has not heen established, However,
it 1s assumed that they may be hormonal in nature

(8charrer and Srown, 1%62),

According to Kovaleva (1961) the motor activity

of the earthworm 1g intensified with the removal of



The suprapharyngeal ganglion, Thie increase in
motor activity in turn increases the oxygen con-
sunption of the worm and tends to mask any influ-
ence that the suprapharyngeal manglion may have

on tissue metabolism, In the present atudy attempts
were nade to ocontrol the activities of the worme by
lowering the amblent temperature snd reducing the
environmental light to nearly darkness in order to
measure oxymen consumption of the worms at rest,

In this way, the results should indicate 17 the
suprapharyngeal ganglion contains a factor or faoctors
whiech influence the rate of oxysen consumption rather

than the reflection of 1noreased motor activity,



METHODS

The earthworms used in thie etudy were pure
chased from Walt's 2ait Wouse, Kalamazoo, Michigan,
The worms were not cuvltured by the dealer, but were
purchased from collectors who gathered them from the
loeal area, The worms were identified by the in-

vestigator ne Lumbricus terrestrls using Eddy and
Hodeon (1961330-1),

For the experimental group 320 worms, all
having mature clitella, were used, They were random-
1y separated into lots of tens and placed in plastic
containers Tilled with fresh fphasnum. The time of
extirpation of the suprapharyngeal ganglion was re-
corded for each group of ten in order that the mean
oxysen consumption o the téen worme could -e followed

for a perlod of days,

The control group, 2ll having mature clitella,
were geparated inte lote of fifty and placed in
plastic contalners (2000 ml, ocapacity), and then
f1lled with Sphasnum, Poth of the groups were then
placed in a refrigerator in whisch the tenmperature

was 12°C, 8nd left there for a period of seven days,



After the seven day acelimation perlod, the

extirpation of the suprapharyngeal geanglion was

carried out on the 320 experimental worms using the

following procedures

1, A pgroup of ten worms was plnced in tap

vater and kept in a freezer for fifteen minutes,

This reduced the nctivity of the wormse,

2, To expose the suprapharyngeal ganglia,

an incision was made along the dorsal surface
of the second through the fifth segment,

3+ Although the suprapharyngeal ganslia were
seldom exposed a"ter the inclsion, by using a
curved tip finder, they could h»e 1ifted Trom
between the third and Tourth segments and
quickly axolsed with small shapp 20l880rs,

4, The ten worms were thén replaced in the
Bphagnum and refrigerated., Three days were
required to extirpate the suprapheryngesl

ganglia of the 320 experimental worms,

A ¥Wirbure reepirometer was used to méasure the

oxysen consumption of the worms, Mercury was used

to measure and calibrate the volume of the flaske

and manometers o the WiArburg, Brodles sclution

(Umbreit, ot al.,, 1957), with a density of 1,033, wae

vesed as the manometrie fluid,
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Since the Widrhurg respirometer had no refrig-
erator unit, it was necessary to devise a method to
maintain and econtrol an ppropriate temperature, The
addition of 1ce to the water bath was not satisfactory
because the temperature varied 1 to 2°C._ The
manometers used were extremely sensitive to » very
8light temperature change (* 0,5°C,), It was found
however, that by transporting tap water into the
bottom of the water bath and siphoning 1t from the
top that a reasonably constant temperature (12,5 ¥ 0.5%¢.)

could be maintained, Since L. terrestris 1s relatively

tnactive at 13°C, and helow, the temperature of 12,5°C,
wag used for measurements of oxygen uptake of the
reeting worms, (Grant, 1953, Wolf, 1938, and Roots,
1956) .

The procedure used in preparing the flasks for
the worme was as follows!

1. Ten reaction flasks and manometers were used

for the experimental group, four for the control

and two were operated as thermobarometers to

measure temperature and barometric changes,

2, In the bottom of each reaction flask a plece

of filter paper saturated with water was in-

serted to prevent the worms from dehydrating.

3., The worms were then placed in the flasks

after they had been washed with (12,5°C,) tap

water to remove surface dirt,



4, The flasks were weighed colleotively

before and after the worme were placed in

them to obtrin the combined wet welght of the
ten woras,

¢ Thirty per cent agueous golution of
potossium hydroxide was placed 1n.the carhon
dloxide amsorption cell,"

6« The flaske and the worms were then placed

in the WArbure water hath with the stopecocks

of the manometers open Tor one half heur at
12,5°¢,

Te After thie equilibrium period the stopooaks
were cloged and the pressure changes recorded
every ten minutes Tor one hour, These reade
inge were taken every tén minutes tecause they
wore found to be more nacurate and convenient
than separate one hour readings,

8. After the reaction flasks containing the
worme were placed in the WHrburg water bath for
the one half hour agelimation period, and hefore
the pressure changes were recorded, the manometrie
fluld of the closed arm of the U-tuhe was ade
Justed to the 1%0 mm. maric,

Gy VWhen the oystem was olosed and the worms
heman to consume the oxyzen, a decresse in
pressure with'n the reaction "lask wee obpgerved

(the fluid in the elosed arm began to rige),
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When the fluid of the closed arm was adjusted
baock to the 150 mm, mark, the change of pressure
was recorded Trom the dlfference between the

open and cloeged arms,

S8ince the open arm of the manometer was exposed
to atmospheric prescure changes and the flaske to
tenperature flucuations, two thermoharometers were
used teo correct these variable factors, I7 the baro-
metrioc preasure varied throughout the experiment, it
wae recorded on the thermobarometer as well as any
temperature variations, These changes were then compen-

gated Tor in ealeulating the final prescure change,

When the pressure changes for each reaction
flask had been recorded in millimeters Tor the entire
hour interval, and all the necessary calibrstions made
from thermebarometers, they were then multiplied by a
constent (k) to obtain the microliters of oxysmen con-
sumed per worm per hour, This computation was necessary
in order to reduce the results, which were recorded in
millimeters to microliters consumed at standard temper-
ature and pressure (S,T«Ps)s This constant (k) was
ealeculated ueing the following Tormule (Umbreit, ot Al.,

1957) ¢ Ve 213 4+ v.
B f
k =
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Vy = Total mean volume of the flaske (as cal-
culated from the original calib»ration of the
flasks) minus mean volume of worme as oaleulat-
ed from total number of worms used, (20,922 ul.-
4.500 ul.) -

T = Absolute temperature plus temperature of
bath («273%C, + 12,5°C,),

Ve = Fluld volume (mean volume of all worme)
(4,500 ul,)s

81 = Solubility of oxygen in water (nil),

P, = Pressure of frodie's solution at S.T.P,
(10,000 mm, of mercury),

k = 1459 (The constant derived "rom the caloula=

tiontd

After the oxysen uptake of each set of ten worma
was recorded, the mean oxysen hptake for one worm was
ealeulated from a group of twenty worme, Also, the
mean weight of the worms was caloulated Tor one worm
from a group of twenty worms, ¥rom these caloulations,
since the weight variation of the worme was emall (*lm).
& perfect positive correlation coefficlient, bHetween
welght and oxysen consumption, wae used to present the
oxyren uptake as milliliters of oxygen consumption per
gram of wet weizht of worm per hour (ml, Oz/gram wt,/hr).
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Other investipgators (Saroja 1959, Whitrey 1942,

and Zeuther 1953) have Teund that the correlation

coefficient hetween oxymen consumption and weipght

was 0,75, However, this correlation coefficlient was

figured Tor large variations in welght,



RESULTS8

The effect of the removal of the suprs-
pharyngeal ganglion from the earthworm, Lumbricus
Lerrestris, was to depress the oxymen consumptlon
of the resting worms, as compared with the normal
oxysen consumption of the resting control worms,

This depression was most evident throughout the first

four days after the operation ("igure I), The

049
v 2 A .- - = - - . . > e o &
ou7 )

{ 1046 "

N 045 L -==- control

3 U4 experimental

s
days

Tigure I, A comparison of the rates of oxygen
consumption of the experimental ond control
worme,

following three days; fourth through sixth day, the
oxymen uptake of the experimental worms inereassed at

about the same rate that it decreased the first three
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days, However, when the oxyszen consumption of the

experinental worme reached a plateau, the esixth day,

it was lower than that of the control group,

The mean oxymen uptake for each day after the

operation (Table I) eshows that the experimental worms

consumed on the average less oxymen than the normal

worme at all times with the excepticn to the iret

dﬂuy.
TABLE X,

A summary o& the mean oxygen consumption,
Cep for tha experimental

at 12,5
end control groups,

Oxymen oconsumption

Days No, of worms {ml., Op/am wet wt/nr)
= Experimental Control Experimental Control
1 20 8 «Odd +043
2 " - +040 041
b ] 8 " «034 +051
s " " +033 D84
5 " " 2040 +056
6 b : +040 L0850
T :: - +039 te'.")o
8 . - «037 SOBT
9 - 043 047
10 » ; +039 050
1 - . +034 053
12 038 Ou7
13 o e «O4&0 2042
1“ L] ] .0“1 .OAT
12 s - _ '038 .053
1
ezt meen = 9 48

When the percentase of difference between the

oxymen uptake of the experimental and control groups



13-
was measured, the 4irference was found to be small
(approximately 3 per cent) for the first twenty four
houre, This difference increaged rapidly from the
gegon? through the fourth day, The fifth day, the
percentage of difference decr@aaod alighgly and

leveled off at approximately nbne per cent (*igure 11),

15
14

T??T?TT‘EWITWT 517

Filgure II, The percentage of difference Le-
tween the oxyszen consumption of the experi-
mental and control groups,
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DISCUSSION

In removing the suprapharyngeal ganglion, most
of the conneetive nervee, those leading to the pro-
stomium and parts of the eclresumpharyngeal connectives,
were aleo removed unless care was taken to leave them
intact, According to ¥ovaleva (1961), the removal
of the suprapharyngeal ganglion without the ocon-
nective nerves leade to an intensification of the
worn's motor activity and thus inereases ite oxygen
consumption. The oxygen eonsumption was measured at
3-4°c, However, when the suprapharynzeal ganglion
plus connective nerves were removed, Kovaleva found
that oxysen consumption dropped briefly dut later

rose again,

The second results agree with the findinse of
the present study, carried out at 12,5 % 0,5°C.
When the suprapharyngeal ganslion was removed, no
affort was made to leave the connecting nerves intact,
In ¥evaleva'e (1961) etudy, no mention was made of
the leveling-off of the oxymen oconsumpticn of the
worms and whether or not it remained lower than the

controls as it 414 in the present study,
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From the literature 1t appears that there
are two funetions of the suprapharyngeal ganglion,
The first, and that which has “een investigated
mest thoroughly, is its sensory nature, GSensory
receptors, such as tactile, chemical and light,
are scattered throughout the epldermis dr the
earthworm, but are most concentrated in the pro-
1962), The second major function of the supra-
pharynzea) ganslion, one which is apparently neuro=-
endocrine 4n nature, has heen shown h»est by Clark
and Clark (1959). They have shown, in posterior
regeneration of the earthworm, that removal of the
suprapharyngeal ganglia, at the same time as a number
of posterior segments, inhibits posterior regeneration,
However, 1f the ganglia are removed 24-48 houre after
the posterior segments are amputated, posterior
regeneration proceeds normally, F“urthermcre, in
making tissue seotions of the suprapharyngesl ganglia
gix hours after amputation of the posterior segments,:
the neurosecretory celles of these ganglia were
demonstrated to have inereased thelr secretion,
These secreting suhestances may be carried via the
eircuvlatory system, Therefore, 1t is evident that

there are substances secreted by the suprapharyngeal

ganglia of L. Lerrestrig.
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Those investigators who have remcved the supra-

pharyngeal ganglia found that the rfollowing addition-

nl effeote do exists a loss of body welght, inhibitory

effocts on the seminal vesicles and receptacles, factors

which affect reseneration and variatlons in tissue

metatolism, Fennett and Suttle (1960), Clark and

Clark (1959), EKovaleva (1961), ©'Brien (1957) and

Proscer and Brown (1962),

In studying the relationship of the suprae-
pharynzeal ganglion and the subpharyngeanl gsnglion,
it was found that the former has an inhibitory or re-
straining control over the motor center in the latter
(kovaleva, 1961), BSince the suprapharyngeal gangslia
apparently inhibit motor activity, the abeence of the
ganglion should and does inereanse the activity of the
worm which in turn would increase ite oxysen conaumpt-
ion, This in part, may explain why the tissuve metabol-
lom of the earthworm varies at normal temperature,
However, when the temperature 1s reduced as in Yovalova's
(1961) and the present study, ro that the motor activity
1s depressed teo resting cenditions, the oxysgen con-
sumption of the worm 18 not positively influenced by
the metor center, Yet the oxyzen consumption, &8s the
resulte of the present study indicate, doeas vary from

that of the control worme,
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8ince the leveling o7f of the resting oxygen
conaumption wase “ound to e lower than the controls,
1t 18 very likely that the suprapharynemesal zanglias
containg factors whichk regulate oxymen uptake of the

resting worm,
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SUMMARY

The purpose of the present study was to
investigate the influence of extirpation of the
suprapharynzeal ganglion on the oxysen consumption

of the resting earthworam, L. ¢

To obtain pertinent 4ata, the suprapharyngeal
ganglion was removed from 320 experimental worms,
The oxyzen consumption of these worms, as well as
that of the control worms, was observed at 12,5 ¥ 0.5%.,

using a Wirbure respirometer,

The resulte of the study show that the oxygen
consumption of the experimentsl worms at rest decreased
ag compared with the oxysmen uptake of the controls,

The oxysen consumption fell gharply for the firest four
days after the operation and then increased just as
gharply until the gixth day. It then tended to level
off at about ten hundreths of a milliliter lower than

than of the controls,

fince the oxymen consumption was not due to in-
crensed motor notivity, it was coneluded that the
suprapharyngzeal ganglion ocontsins faotors which in-

fluence gaeseous exchangme in the resting state.
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